Nearly twenty years ago, in one of their classic papers on the relation of growth to the chemical constituents of the diet, Osborne and Mendel7" wrote: "The animal cells need for their activities not only energy, but also suitable constructive materials to replace the wear-and-tear therein. Furthermore the cells are concerned in the elaboration of a great diversity of complex and little understood substances such as enzymes, products of internal secretion, etc., which unquestionably play an indispensable role in life and may require either special antecedent products for their construction, chemical activators of some sort, or minute quantities of readily overlooked rarer elements and compounds." They discovered that artificial protein-free milk was a better promoter of growth when made from ordinarily pure laboratory salts than from those repurified with especial care, and turned their attention to "those inorganic elements which have been found in animal tissues in traces but of the need of which in the diet nothing has yet been learned" with the result that much better growth was secured when traces of iodine, manganese, fluorine anid aluminum were added to the artificial salt mixture made to resemble the ash con$ent of milk.
Introduction
Nearly twenty years ago, in one of their classic papers on the relation of growth to the chemical constituents of the diet, Osborne and Mendel7" wrote: "The animal cells need for their activities not only energy, but also suitable constructive materials to replace the wear-and-tear therein. Furthermore the cells are concerned in the elaboration of a great diversity of complex and little understood substances such as enzymes, products of internal secretion, etc., which unquestionably play an indispensable role in life and may require either special antecedent products for their construction, chemical activators of some sort, or minute quantities of readily overlooked rarer elements and compounds." They discovered that artificial protein-free milk was a better promoter of growth when made from ordinarily pure laboratory salts than from those repurified with especial care, and turned their attention to "those inorganic elements which have been found in animal tissues in traces but of the need of which in the diet nothing has yet been learned" with the result that much better growth was secured when traces of iodine, manganese, fluorine anid aluminum were added to the artificial salt mixture made to resemble the ash con$ent of milk.
Interest in such work on the mineral elements was temporarily overshadowed by the evidence of organic factors potent in growth, namely, the vitamins, but the need of investigation of the mineral elements was not forgotten. In 1918 Osborne and Mendel72 again called attention to the paucity of knowledge in this field. "There is no adequate experimental basis whatever to permit tenable statements regarding the indispensability or even the minimum requirement of any of the inorganic constituents of the dietary with the possible exception of calcium and phosphorus." A series of salt mixtures was prepared in which one element at a time was omitted, so far as the use of yeast as a necessary source of vitamins made this possible.* Experiences with these salt mixtures led to the conclusion that "in the long run much smaller quantities of those inorganic elements which can be husbanded will be required for wellbeing than of those which are needed for the maintenance of neutrality and hence are continuously eliminated."
The discovery, about this time, of the efficacy of small quantities of iodine in the cure of endemic goiter (Marine and Kimball48) and in the prevention of fetal athyreosis in pigs (Hart and Steenbock28) gave almost immediate confirmatory evidence of the importance of what Mendel59 so aptly referred to in his Hitchcock Lectures in 1923 as the "little things" in nutrition, and this point of view was further emphasized by Daniels and Hutton8, who, finding that rats fed cow's milk exclusively seldom reproduced, corrected the difficulty by supplementing the milk with small amounts of aluminum, fluorine, silicon, manganese, iodine and iron.
During the past ten years we have gradually become accustomed to thinking quantitatively in nutrition, not only in terms of calories and grams of proteins, fats and carbohydrates, but in terms of fractions of milligrams of mineral elements and vitamins. Vitamin A exerts a protective action when present in no higher concentration than 1 part in 2 million in the rat body; and the minimum protective dose of vitamin D against rickets is reckoned as no more than one ten-thousandth of a milligram of activated ergosterol. Estimates of the total iodine content of the body scarcely exceed 50 mg. (Plummer75, Weston"4). Lunde and Closs45 have recently estimated the iodine in human blood as 11 to 16 micrograms per 100 cc., and the amount necessary to meet all requireiments of metabolism at about 0.05 mg. per day. For prevention of goiter in healthy adults much less may be adequate, since von Fellenberg22 reports about onethird of this amount daily as sufficient for the maintenance of iodine balance in an adult. On this basis the iodine requirement for 3 years would be no more than the amount of iron required for a single day.
The magnesium-low diet used by Osborne and Mendel7" containing 120 parts per million of magnesium permitted good growth for approximately 300 days, but recently McCollum and Orent5" have found that rats restricted to a diet containing only 1.8 parts per million of magnesium fail to grow and very quickly become abnormal. Within 3 days all exposed skin areas show marked vasodilation, which becomes intensified until about the tenth day. During *The potassium-frec food contained 0.03 3 per cent potassium, the magnesiumfree 0.012 per cent magnesium, the calcium-free 0.008 per cent of calcium.
this time the animals are nervous, easily startled, and by the end of the period (eleventh day) may be so unstable as to go into convulsions in response to any disturbance, with fatal results in 80 per cent of the cases. There is loss of hair on ears, jaws and neck, and the salivary and tear glands are hyperactive. After two or three weeks of magnesium deprivation, the teeth are affected and later the tissues around the teeth. Finally, there is decalcification of the entire skeleton.
Certain observers have suggested an association of such elements as copper, manganese and zinc with the vitamins, because of their effect in increasing plant growth (McHargue"6); and Euler and some of his associates20 have recently discovered that the fermentation of sugars by yeast does not occur in absence of magnesium, which he believes essential to the phosphorylation process.
Investigation as to the occurrence and function of "trace" elements in both plant and animal life is now very active. Boron, zinc and manganese have all been shown essential to the growth of maize; boron to a great variety of dicotyledonous plants; without zinc, wheat and barley die in the early stages of growth, and buckwheat, sunflowers, broad beans and red kidney-beans never come to full maturity or produce seed (Sommer93).
The search for "trace" elements in biological materials is now being aided by the spectrograph. Dutoit and Zbinden"'14 have with this instrument investigated the ash of human organs and report finding chromium, copper and tin in practically all organs; silver and aluminum somewhat less widely distributed; cobalt and nickel in the pancreas but not the liver; titanium in the lungs, only traces elsewhere; zinc especially in the sex organs, thyroid, liver and kidney; tin in the adrenal glands, and all of these elements in the blood. Spectrographic analysis of the ash of milk has shown traces of arsenic, boron, titanium, vanadium, rubidium, lithium and strontium, hitherto not known to occur in milk (Wright and Papish115 (1929) kept dogs on an aluminum-rich diet for a year, with no discernible ill effects.
The rabbit appears to be much more sensitive to aluminum than the rat. Seibert and Wells86, injecting sodium aluminum sulfate in doses of 11 to 17 mg. of the salt per kilo of body weight, or aluminum chloride in doses of 3 to 4 mg. per kilo, found a pronounced toxic effect upon the red blood corpuscles. Their number decreased by from 2 to 3 million and the hemoglobin by about 20 per cent in a day or two Small daily doses of 0.7 to 1.1 mg. per kilo for periods varying from 2 months to a year produced similar effects, only more slowly. Besides anemia there were marked pathological changes in the spleen and the renal epithelium.
The fate in the body of ingested aluminum has been the subj ect of considerable recent investigation. Flinn and Inouye23 fed rats 2 mg. of aluminum daily for a year and found small amounts retained in the heart, liver, lungs and spleen, as well as considerable in the bones. Myers and his associates (Myers and Mull9, Myers and Morrison68) added further evidence that there is a small but fairly constant amount of aluminum in the liver, heart, and various glands of rats, dogs and men. The lowest retention is reported by
McCollum and his associates (McCollum, Rask and Becker"4, Tourtellotte and Rask"0), who find by the spectrographic method practically no storage in rats fed from three to six months on diets with 600 parts per million of aluminum as aluminum chloride. This whole matter of storage has been subjected to a searching investigation by Underhill and Peterman'02. In fasting dogs, aluminum previously absorbed from the ordinary diet is present in the blood in concentrations of from 0.16 to 0.35 mg. per 100 cc. of blood. It is stored chiefly in the liver, brain, kidney, spleen and thyroid. The most striking fact is the high content of the bile, which is 8 times as rich in aluminum as the blood.
Absorption of aluminum by dogs shows great irregularity, depending on many factors, but probably most upon the condition of the alimentary tract. As aluminum feeding continues, the absorption rate continues to fall and the amount in the blood decreases. Underhill and Peterman suggest that this may be due to alteration in the permeability of the capillaries of the intestinal wall, although dogs fed aluminum for long periods (12 months) did not show signs of injury and continued to store small amounts, although there was efficient excretion of the metal in the bile.
Mackenzie47 fed young pigs on an aluminum-low diet for eight to ten weeks, and for seven days during which urine and feces were analyzed they added 25 gm. of aluminum daily to each pig's diet. Subsequent analyses of the tissues showed a little increase in the liver and intestines, but fully 95 per cent was excreted in the feces and none in the urine.
Human subjects fed an aluminum-rich diet by Underhill and Peterman"' also showed slow and irregular absorption, definite increases in the blood not occurring after the ingestion of biscuits and griddle-cakes made with baking-powder containing aluminum. The aluminum content of the blood of these human subjects after 9 hours' fasting and before any specially aluminized food had been eaten, varied from zero to 0.210 mg. per 100 cc., averaging for 27 subjects 0.06 mg. per 100 cc.
Livers and kidneys obtained at autopsy in various parts of the United States from subjects ranging in age from 5 to 73 years, showed a tendency for aluminum to accumulate in these organs with advancing age. The range for the liver was from 0. 17 to 1.17 mg. per 100 grams and for the kidney from 0.13 to 0.87 mg. per 10(0 grams. Other analyses of human tissues by Myers and Mull6" slhowed aluminum present in brain, heart, gall-bladder, liver and bile, kidney and spleen. Underhill and Peterman suggest that in addition to food a lifelong source of aluminum to the body may be dust inhaled by the lungs.
Interest in mineral factors in hemoglobin regeneration has led to tests of the value of aluminum in this connection, but the results have been uniformly negative. In the anemia of hemorrhage in dogs, Robscheit-Robbins and Whipple82 found no evidence that aluminum influences hemoglobin production, and Goerner26, Mitchell and Miller65, and Beard and Myers3 agree that it has no effect on nutritional anemia in rats induced by milk feeding. Waltner and Waltner"2 even go so far as to suggest that in young rats it decreases the number of red blood corpuscles and the percentage of hemoglobin, although the evidence of other investigators is in agreement that its influence on the whole appears to be negative.
In brief, there is no evidence that aluminum is toxic for man or for most common laboratory animals with the exception of the rabbit, even when given in comparatively large doses over long periods. The metal does not interfere with growth or reproduction and appears to be a negligible factor in hemoglobin regeneration. In the normal body aluminum accumulates throughout life, in many tissues, partly from food and probably also partly from inhaled dust. When ingested only a small proportion is absorbed from the alimentary tract and most of this is excreted through the bile into the intestines and eliminated in the feces. Zinc
The prevalence of zinc in the vegetable kingdom and its constant ingestion by animals of all sorts, has led to a search for its possible biological functions. It was shown by Mendel and Bradley6' 61, 62 to be an essential constituent of the mollusk Sycotypus canaliculatus, and others have since found that marine animals of many kinds contain large amounts of this metal (Bodansky6, Severy87).
In the human body zinc is widely distributed, the largest amounts occurring in bones and hair, liver, kidney and muscles (Lutz46, Dutoit and Zbinden '3 14) . The influence of long-continued zinc administration to experimental animals has been studied by Fairhall21, by Drinker and her associates"0 11,12 and by Flinn and Inouye23, from whose work we may conclude that when zinc is fed, large amounts of the more inert compounds such as zinc oxide probably are in large measure excreted unabsorbed, but if given in more soluble forms zinc appears in the blood-stream, mostly in the leukocytes. It is taken up from the blood chiefly by the liver, is temporarily stored in this organ, then gradually excreted, partly in the urine, but mainly in the feces. Long-continued feeding of relativelv large doses of zinc appears not to impair the health or capacity forgrowth of rats and dogs nor to interfere with the rearing of normal offspring by rats. As a result of large amounts ingested, the zinIc concentration of organs involved in zinic excretion (liver, gallbladder and its content of bile, gastro-intestinal tract and kidney) is increased, but other tissues show very little change, although there is some increase in the pancreas and bone-marrow. These higher concentrations fall rapidly to normal when zinc administration is discontinued.
Hubbell From the evidence available we must for the present conclude that zinc is essential to certain forms of plant life, if not to all; that it is commonly present in food and tends to be stored in the body when ingested in considerable amounts over long periods; that it is not concerned in hemoglobin regeneration in the anemia of hemorrhage or of exclusive milk feeding, and that no convincing evidence has appeared of its having any specific function in the animal body.
Copper
Investigation of the occurrence of copper in foods began as long ago as 1816. The literature has recently been reviewed by Elvehjem and Lindow17, who have contributed analyses of over 150 common food materials, and by Cunningham7, who points out that in plants the concentration of copper is greatest in actively growing parts but is probably not intimately associated with chlorophyl, as white inner leaves of cabbage and lettuce yield more than the outer green leaves. Krauss",' has found dried yeast to contain from 0.0026 to 0.0056 per cent of copper. That the copper content of plants may be greatly influenced by soil conditions has been shown by Elvehjem and Hart'5, who found (to cite their most striking case) that the copper content of lettuce could be increased as much as 148 per cent by adding to the soil 500 pounds of CUS04 + 51420 per acre.
The very constant association of iron and copper in animal tissues has been emphasized by Fox and Ramage", who examined spectrographically nearly 150 specimens of various marine animals and of human tissues, and found both of these minerals always present. Cunn-ingham determined the copper in various insects and also in different organs of a dozen species of mammals (including ox, sheep, pig, horse, dog, rabbit and badger) and found copper per unit of dry substance highest in the liver, other organs in descending order being kidneys, heart, lungs, pancreas, spleen. Copper is also found generally in the blood-serum. It has been reported in that of the horse by Elvehjem, Steenbock and Hart'8 and in that of common laboratory animals and of man by Warburg and Krebs"'. It is known to be an essential element in the structure of hemocyanin which takes the place of hemoglobin in certain marine animals (Rose and Bodansky83). Hemin, after repeated recrystallization, still holds traces of it as shown by Voegtlin, Johnson and Rosenthal'04.
The copper content of the young rat cannot, apparently, be much increased by feeding copper to the mother, but when the young animals are permitted to eat copper-rich food the percentage in their bodies rapidly increases. Lindow, Peterson and Steenbock4", comparing second generation rats on a ration containing about 3.3 mg. per kilo with other animals on the same ration plus 5 mg. of copper daily, found at the age of 75 to 85 days twice as much copper in the animals with the higher intake, while at the age of 7 to 8 months, the copperfed animals had 20 times as much in their livers and 5 times as much in their spleens as did the controls. Another interesting comparison was between a group of rats on a milk diet and another on milk to which 1 mg. of copper had been added daily. The milk-fed rats had in their bodies at the age of 76 Since milk is low in iron as well as copper, additional iron must be provided to prevent or cure anemia. Mitchell and Miller"5 have made an extensive study of the amount of the two minerals necessary to give complete regeneration in the case of the rat, and report the optimum level for copper as anywhere from 0.01 to 0.1 mg. per rat per day in conjunction with 0.25 mg. of iron. According to Waddell, Steenbock, Elvehjem and Hart the minimum on which anemic rats will show any response is 0.0025 mg. of copper per rat per day, but definite and rapid return to the normal level did not occur until they gave as much as 0.025 mg. in addition to 0.5 mg. of iron. Krauss37 found that 0.2 mg. of iron and 0.16 mg. of copper were quite as effective as double these quantities.
When copper is administered unaccompanied by iron there is practically no regeneration of hemoglobin, but Titus and Hughes98 have shown that copper feeding results in a store which can be made available by subsequent addition of iron. The findings with regard to effects when iron alone is added are conflicting, and probably depend on such factors as the amount of copper stored in the rat body, the percentage of copper in the milk consumed, and the total amount of copper in the food consumed. Waddell, Steenbock and Hart'09 believe their evidence is conclusive that regeneration with the addition of pure inorganic iron alone does not occur. In this view they are supported by the findings of Lewis, Weichselbaum, and McGhee40, Krauss37, Underhill, Orten and Lewis"'0, Keil and Nelson34, and Mitchell and Miller65. On the other hand, Beard and Myers' report good response upon addition of iron only in as small doses as 0.25 mg. of iron daily. While confirming the marked supplementary effect of copper, they also report acceleration of hemoglobin regeneration with 0.5 mg. of iron plus any one of the following elements: nickeJ, germanium, arsenic, titanium, rubidium, chromium, vanadium, selenium, mercury, if given in suitable specified dosage. They also report stimulation of hemoglobin production by the addition of manganese or zinc, substances which have been quite uniformly reported as negative by other investigators. It would seem that in at least part of the cases the effect is probably due chiefly to the iron, but these workers believe it is related to the amounts of the various elements administered. Whether dosage is as large a factor as Beard and Myers have come to believe, only further research can show. Drabkin and Waggoner9, using a synthetic ration very low in copper (e.g., 0.0019 mg. copper and 0.26 mg. iron per 10 gm. of ration), found that their rats were not anemic, but became so when placed on milk alone, although this contained more copper than the synthetic ration and iron was added to furnish 0.2 mg. of iron per day or about the amount ingested per rat on the synthetic ration. Cunningham fed a synthetic diet containing only traces of copper for 18 weeks during which the average daily intake per rat was 0.158 mg. of iron and 0.0 06 mg. of copper. There resulted a low anemia, not cured by adding iron alone at the rate of 0.2 mg. per rat per day, but readily cured when 0.05 mg. of copper per rat per day was also added. Analysis of the livers after the addition of iron only showed that iron was being stored. Further supplementing with copper lowered the iron content of the liver. In his work Cunningham found no evidence that copper increases absorption or storage of iron, and concluded that it has to do rather with the mobilization of iron. No one has compared the amounts of copper and of iron remaining in the bodies of rats made anemic on different samples of milk. Mitchell and Miller65 have pointed out the necessity for a uniform low level of hemoglobin to get reliable results, which would probably result in severe depletion of both iron and copper. With milk varying considerably in copper content and ingested in varying amounts by different animals, it seems likely that in some cases of milk anemia copper may be the limiting factor, in others iron, and in still others, both elements.
An interesting sidelight on this situation is afforded by the experience of Rose and Vahlteich (Rose, Vahlteich and Bloomfield84, Vahlteich'03), who fed 6 gm. of whole wheat daily to rats made anemic by milk feeding and obtained excellent regeneration of hemoglobin in 6 weeks. Considerably less regeneration was observed with 3 gm. of white flour. The whole wheat contained 0.192 mg. of iron and 0.043 mg. of copper and the white flour 0.015 mg. iron and 0.007 mg. of copper. When enough iron was added to the 3 gm. of white flour to make it equivalent in this element to the 6 gm. of whole wheat, there was more regeneration than with the white flour only but less than with 6 gm. of whole wheat. When the copper intake was similarly raised to an amount equivalent to that in the whole wheat there was less regeneration than when iron was the supplementing element. Feeding both at once resulted in much better regeneration than either alone, but not quite equivalent to the whole wheat itself, suggesting that other components of the wheat play some role in the total effect. White flour is obviously deficient in both iron and copper, and according to the hemoglobin regeneration curves there was greater need of iron on the white flour and milk diet than of copper.
Cunningham has called attention to the very high proportion of copper in the ink-sac of the octopus, and has suggested that it may serve here as the catalyst of the reactions by which melanin is produced. In this connection it may also be noted that Voegtlin and his co-workers have found that copper in very low concentrations exerts a powerful catalytic effect on solutions of glutathione. Whether copper is a factor in growth it does not seem possible from present evidence to say. It is certainly not a striking one. Rats kept on a ration of whole milk 60 per cent and dextrinized starch 40 per cent were found by Becker and McCollum4 to grow quite well until about the third month, when the growth curves began to flatten. If the diet was then supplemented with ferric citrate and copper sulfate growth became normal. In a somewhat similar study by Waddell, Steenbock and Hart"1' animals fed 1 mg. of iron as ferric chloride per 100 cc. of whole cow's milk in addition to 0.5 mg. of copper as copper sulfate per 100 cc. of milk did not develop anemia and grew at a good rate, and other animals fed the copper sulfate supplement only continued to grow about as well as those receiving both metals even though they became very anemic. Apparently the anemic animals were using stored iron for growth rather than for hemoglobin formation.
Some precaution apparently needs to be taken as to the iron salt used and the way in which it is administered. Becker and McCollum4 have reported normal reproduction through six generations on their milk-dextrin diet supplemented with iron as ferric citrate and copper as copper sulfate, but Waddell, Steenbock and Hart"' found in females on their milk-ferric chloride-copper sulfate ration a delayed sexual maturity, a poor ovulatory rhythm, and poor mammary secretion, and in male rats sterility (Waddell'05) which became less acute when the amount of iron was reduced to 0.5 mg. per day.
Although the males were mated with normal females, pregnancy never resulted and a marked testicular degeneration was noted with complete disappearance of the germinal epithelium and pronounced edema. On further investigation it was found that some substance interfering with the activity of vitamin E was produced when the ferric chloride was combined directly with the milk (Waddell and Steenbock07' 108).
The constant occurrence of copper in association with iron in the blood and tissues of men and animals, and the very striking fact of its high concentration in the liver of the new-born would of themselves justify inquiry into its physiological significance. In addition, the now generally recognized influence of copper in conjunction with iron in accelerating hemoglobin regeneration in the nutritional anemia induced by milk feeding is stimulating active investigation of the therapeutic value of copper in various types of human anemia. Recent work indicates that the effective amount is a fairly definite, but very small quantity (for the rat not exceeding perhaps 0.2 mg. per day), far below the limits at which toxic effects begin to appear. Since increases above some small effective dose seem to cause no further acceleration of hemoglobin production, it would seem that copper exerts no such "salt effect" as has been observed in the case of iron by many workers (Cunningham7, Minot63, and literature reviewed by Beard and Reiman and Minot7" have reviewed the earlier literature regarding the occurrence of manganese in the blood and tissues of men and animals and report the greatest storage in the liver, pancreas, lymphnodes and kidney. McCarrison5" confirms the high concentration of manganese in the liver of man, and Skinner, Peterson and Steenbock8" in that of the rat. Richards79 did not find that feeding small amounts of manganese (0.054 gm. to 0.47 gm. daily) increased the manganese in the liver or pancreas of the pig, but confirms the high content in the liver of the ox, sheep, fowl and rabbit, as well as in that of man. About one-fifth as much manganese was found in the liver and pancreas of two pigs that died of anemia as in the normal controls. Orent and McCollum70 have found that new-born rats, born of mothers fed a synthetic ration which, tested by the spectrographic method, had less than 0.1 parts per million of manganese, were practically free from manganese, whereas young of mothers on diets containing manganese did show it in various organs examined. They conclude that manganese is transmitted through the placenta. By adding manganese to the ration they raised the amounts in bone, hide, liver and kidney of rats 191, 79, 29 and 2 per cent respectively.
The amount of manganese in the rat increased from 0.0015 mg. at birth to over 4 times this amount at 160 days. By high manganese feeding of the mother during the gestation period, the concentration in the body of the offspring was increased 40 per cent. Young rats on a whole milk diet for 7 weeks retained approximately 60 per cent of the manganese ingested. The milk consumption was improved and better storage occurred when this metal was added to the milk ration. Similar observations of favorable effects upon growth and well-being of young rats had previously been made by Levine and Sohm30, upon that of young dogs by Richet, Gardner and Goodbody80, and upon that of mice by Kemmerer, Elvehjem and Hart35. The mice were kept on their mother's milk exclusively after about the 10th day of life, and weaned at 21 days. A group receiving 0.01 mg. of manganese, 0.15 mg. of iron and 0.01 mg. of copper daily was found to grow better than a similar group without the manganese addition.
Kemmerer and his associates in the Wisconsin laboratory studied the ovulatory rhythm in the rat and found that the number of estrous cycles was greatly reduced on the manganese-low diet, from which they concluded that manganese has a distinct effect on the normal activity of the ovary. Richards70 has reported manganese present in the reproductive organs of both plants and animals. The amounts in pigs' testes and ovary ranged from 0.0039 to 0.0067 mg. per kilo, with similar figures for sheep and fowl.
Richards observed that the percentage in the sex organs did not change materially with age, and differences in the amount of manganese in the diet of sows had no influence on the manganese content of the reproductive organs of the male offspring. In the developing hen's egg the ovum at its smallest contained from 0.0010 to 0.0018 mg. per ovum, while the completely formed egg had from 0.0098 to 0.0126 mg. The hens from which these were obtained were all similarly fed.
Further investigation in the Wisconsin Laboratory of the influence of manganese on reproduction (Waddell, Steenbock and Hart111) has brought 'additional evidence of the importance of manganese in the reproductive process. On a diet of whole milk, supplemented by iron and copper, although there was no anemia, growth and reproduction were subnormal and many young were lost because of poor lactation. Sexual maturity was delayed and ovulation occurred only at long and irregular intervals. The addition of manganese in the proportion of 0.6 mg. per 100 cc. of milk to a milk diet already supplemented with 0.5 mg. of copper and 1.0 mg. of iron restored the ovulatory rhythm to normal.
Using a manganese-free synthetic diet prepared from purified casein, a 50 per cent alcoholic extract of yeast, butter-fat, corn-starch and viosterol, plus a salt mixture in which ferric chloride and magnesium sulfate were specially treated to remove all traces of manganese, Orent and McCollum70 were not able to discover any difference in the estrous cycle of the rat as compared with normal controls. Nevertheless, females mated with normal males lost many of their young at birth or shortly after. In 58 out of 59 cases they failed to suckle their young. If given foster young from mothers on a normal diet, they failed in 8 cases out of 10 to suckle them, but when 0.05 per cent of manganese was added to their diet, there was no difficulty in getting a fourth generation of normal animals. There was evidence that the mammary tissue was not developed in the manganese-free females, and in the male there was complete degeneration of the germinal epithelium.
At the present time special interest centers in the relationship of manganese to nutritional anemia. In 1928, Titus and Cave"7 reported that hemoglobin regeneration of rats made anemic by milk feeding could be brought about by the addition of iron and copper, but that the process would be further accelerated by the addition of manganese. Shortly after this Titus and Hughes"8 fed young rats, weaned at four weeks, cows' milk plus 0.1 mg. of manganese for five weeks, at which time they were distinctly anemic. Shifting these animals from a manganese to an iron supplement (0.5 mg. of iron) resulted in speedy regeneration, whereas control animals receiving the iron supplement and no manganese continued to grow more and more anemic.
The Wisconsin investigators have not been able to observe any supplementary effect of manganese when added to a milk ration adequately supplemented with iron and copper or when used alone or in conjunction with either iron or copper (Waddell, Steenbock and Hart"'). In this point of view they are supported by Lewis, Weichselbaum and McGhee4", Underhill, Orten and Lewis'1', Krauss" , ", Orent and McCollum", Cunningham7, and Mitchell and Miller65. Mitchell and Miller64 were formerly of the opinion that manganese was an aid in hemoglobin regeneration if given in addition to iron and copper, but they have recently concluded that any differences observed were due to factors other than manganese.
The constant occurrence of manganese in the reproductive organs of both plants and animals appears to be correlated with functional significance. In the case of plants, manganese is now regularly included in synthetic solutions designed to promote growth. In the rat there is some evidence that manganese exerts a favorable influence upon the development of sexual maturity and lactation. In females deprived of it the mammary tissue is not well developed, and in males there is degeneration of the genital epithelium. The metal is transmitted to the fetus through the placenta, and is stored rapidly by the suckling. When milk is the sole food, the addition of manganese results in better appetite and better growth.
Although most workers have come to the conclusion that man-ganese is not an important element in the cure of nutritional anemia, Beard and Myers report better regeneration when iron is supplemented with this metal. Only further investigation can explain these conflicting experiences.
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